Cationic nickel(II) complexes containing chelating O,O'-donor maltolate or ethyl maltolate ligands in conjunction with bidentate bisphosphine ligands Ph 2 P(CH 2 ) n PPh 2 were prepared by a one-pot reaction starting from nickel(II) acetate, the bisphosphine, maltol (or ethyl maltol) and trimethylamine base, and isolated as their tetraphenylborate salts. An X-ray structure determination of the complex [Ni(maltolate)(Ph 2 PCH 2 CH 2 PPh 2 )]BPh 4 shows that the maltolate ligand binds asymmetrically to the (slightly distorted) square-planar nickel (II) centre. The simplicity of the synthetic method was extended to the synthesis of the known platinum(II) maltolate complex [Pt(maltolate)(PPh 3 ) 2 ]BPh 4 which was obtained in high purity.
Introduction
Maltol (3-hydroxy-2-methyl-4-pyrone) 1a is a naturally-occurring, non-toxic substance, approved for use as a food additive, and together with its analogue ethyl maltol (3- hydroxy-2-ethyl-4-pyrone) 1b has been used to form a wide range of coordination complexes. The ligands bind as bidentate chelating ligands through the keto group and the deprotonated OH, forming a five-membered chelate ring system. The coordination chemistry of such hydroxypyranone ligands and related derivatives has been the subject of a recent comprehensive review. [1] Maltolate complexes have attracted particular interest for their medicinal potential; for example aluminium tris(maltolate) has been used to investigate aluminium transport to the brain, [2] the corresponding complex of gallium shows promise in cancer chemotherapy, [3, 4, 5] and bis(ethylmaltolato)oxovanadium(IV) has undergone clinical trials for diabetes treatment. [6, 7, 8] In the area of group 10 chemistry, relatively few maltolato complexes are known. For example, the octahedral nickel(II) complex [Ni(maltolato) 2 (H 2 O) 2 ] 2 has been known for some time, [9, 10, 11] and in a recent report [12] was prepared by reaction of nickel(II) acetate with maltol in the presence of NaOH base, the complex being characterised by an X-ray diffraction study. The stabilities of complexes of divalent metal ions (including Ni 2+ ) with maltol had been previously studied. [13] In this paper we describe the synthesis of some new 
Results and discussion
A selection of mixed-ligand complexes 3a-3d containing either maltolate or ethylmaltolate and either dppe or dppp were prepared by a one-pot reaction of nickel(II) acetate with the diphosphine and maltol or ethylmaltol in the presence of trimethylamine base. The resulting cationic products were isolated in moderate to good yield by the addition of excess NaBPh 4 , yielding yellow-orange to orange products which give good microanalytical data. The complexes are slightly soluble in methanol, but soluble in dichloromethane and chloroform.
Crystals of complex 3a suitable for an X-ray structure determination were obtained by slow diffusion of diethyl ether into a dichloromethane solution of the complex, and the structure was determined in order to provide comparative data with the known nickel(II) bismaltolate complex 2. The molecular structure of the cation is shown in Figure 1 together with the atom numbering scheme, while Table 1 gives selected bond lengths and angles for the core of the cation. The maltolate ligand is disordered over two equivalent overlapping orientations in a 2:1 ratio. The orientation of the minor component is indicated in Figure 1 by the dotted lines; the major effect of this disorder is increased uncertainty in bond parameters of those atoms of the maltolate ligand most remote from the nickel atom, specifically bonds involving the pyranyl oxygen O(3). While the C=O bond lengths of complexes 2 and 3a are the same [complex 2 1.266 (2) Å; complex 3a C(1)-O(2) 1.265 (5) 
Experimental
Maltol (3-hydroxy-2-methyl-4-pyrone, Aldrich), ethyl maltol (2-ethyl-3-hydroxy-4H- 
Synthesis of [Ni(maltolate)(dppp)]BPh 4 3b
Ni(OAc) 2 .4H 2 O (200 mg, 0.804 mmol) and dppp (332 mg, 0.806 mmol) in methanol (30 mL) was stirred with gentle warming for 5 min., to give a clear orange solution. Maltol (220 mg, 1.74 mmol) was added, giving a lighter orange solution, followed by 10 drops of aqueous trimethylamine. After briefly warming to 60 ˚C the solution was filtered and NaBPh 4 9 (300 mg, 0.88 mmol) was added to the filtrate, giving an orange precipitate. Water (4 mL) was added to assist precipitation. After cooling to room temperature the solid was filtered, washed with water (2 x 10 mL) and then 1:1 methanol-water (10 mL), and dried under vacuum to give 3b as an orange solid (463 mg, 63% 
Synthesis of [Ni(Et-maltolate)(dppe)]BPh 4 3c
Following the procedure for 3a, Ni(OAc) 2 .4H 2 O (200 mg, 0.804 mmol) with dppe (320 mg, 0.804 mmol) in methanol (25 mL), with ethyl maltol (250 mg, 1.78 mmol), aqueous trimethylamine (10 drops) and NaBPh 4 (300 mg, 0.88 mmol) gave a yellow-orange precipitate. After cooling to room temperature, water (3 mL) was added to assist precipitation. The product was filtered, washed with water (2 x 10 mL), then 1:1 methanolwater (10 mL) and dried under vacuum to give 3c (531 mg, 72%) as a deep yellow solid. 
X-ray structure determination of [Ni(maltolate)(dppe)]BPh 4 1a
The complex crystallises as red block-like crystals by vapour diffusion of diethyl ether into a dichloromethane solution at room temperature.
X-ray data were collected on a Bruker Apex II CCD diffractometer and were corrected for absorption by a multi-scan method (SADABS). [26] The structure was solved and refined with SHELX97. [27] The maltolate ligand was disordered over two equivalent, 
